The objective of this study was to evaluate the bone regeneration capability of silk membrane plus 3% 4-hexylresorcinol (3% 4-HR plus SM) in a rabbit calvarial defect model. Twenty New Zealand white rabbits were used in this study. Bilateral round shaped defects were created in the parietal bone (diameter: 8.0 mm). And the defects were covered with (1) 3% 4-HR plus SM, (2) collagen membrane (CM), (3) no graft material. After surgery, the animals were sacrificed at 4 weeks and 8 weeks. Bone regeneration was analyzed in each section by micro-computerized tomography (μ-CT). And Hematoxylin and eosin stains were used for histological analysis. As measured by μ-CT analysis 4 weeks after surgery, the average of new bone formation in animals treated with 3% 4-HR plus SM was greater than that of animals treated with CM. and the difference was statistically significant. And well organized lamella bones were observed in the histological view of the 3% 4-HR plus SM group. Therefore, more bone regeneration was seen in animals treated with 3% 4-HR plus SM than in those treated with CM or uncovered control. 
Introduction
The concept of guided bone regeneration (GBR) employs a barrier membrane to prevent ingrowth of soft tissue cells but allow migration of angiogenic and osteogenic cells originating from bone marrow into bone defects (Schenk et al. 1994) . Barrier membranes provide a physical barrier, a substrate to stabilize bone graft materials and blood clots and a space for osteoblasts to regenerate bone without interference from soft tissue cells (Buser et al . 2007 ). Characteristics of a GBR membrane include biocompatibility, stability sufficient to maintain a space for ingrowth, occlusivity to prevent fibroblast and bacteria infiltration, tissue integrability, and clinical manageability that is practical to applicate bone defect during surgery (Rakhmatia et , and Weon-Sik Chae antiseptic agent that has been used to inhibit enzymatic browning in apples and lobsters. It does not produce toxic effects and can be safely used as a food additive (Iyidogan et al. 2004; López-Caballero et al. 2007 ). Historically, 4-HR has been used as an antiparasitic agent in children (Rabbani et al. 1985) , and as an antibiotic to treat typhoid carriers. It is currently used as an ingredient in oral antiseptic solutions (Young et al. 1927) .
We hypothesized that combining 4-HR's antiseptic activity with silk membrane would compare favorably to collagen membrane (CM) in facilitating new bone formation in bone defects. In this study we evaluated the bone regeneration capability of silk membrane plus 3% 4-hexylresorcinol (3% 4-HR plus SM) in a rabbit calvarial defect model. New bone formation was assessed with microscopic computerized tomography (μ-CT) and histomorphometry.
Material and methods
Scanning electron microscope imaging, X-ray diffraction, and Attenuated total reflectance Fourier-transform infrared absorbance spectra However it is not bioresorbable, so surgical intervention for removal of membrane is required after bone regeneration. Also it can happen membrane exposure after GBR and it can often lead to local infection and GBR failure (Gotfredsen et al. 1993) . Contrast, bioresorbable membranes do not require surgical removal (Gottlow 1993) . It has been shown that bioresorbable membranes and nonresorbable barriers promote similar levels of bone formation (Imbronito et al. 2002) . However, the high cost of bioresorbable and nonresorbable membrane constrains their routine use. Both clinicians and patients would benefit from a new membrane that is composed of the relatively inexpensive materials, and that performs similar to or better than existing products.
Silk is a fibrous protein composed of sericin and fibroin that is produced by Bombyx mori silkworm (Cao et al. 2009 ). For human applications, silk protein is usually degummed to remove sericin because it may trigger an inflammatory reaction (Altman et al. 2003) . Silk fibroin causes only minimal inflammatory reactions and it can be used safely without side effects (Aramwit et al. 2009 ). However, silk fibroin membrane (SFM) is difficult to apply clinically because it is less flexible than silk and easily breaks away (Lee et al. 2012) . In this study, we applied silk membrane (SM) that had not been degummed to remove sericin. Silk is extremely biocompatible, highly permeable to oxygen and water vapor, and biodegraded without toxicity (Minoura et al. 1990; Um et al. 2001; Dal Pra et al. 2005) . Because of its superior mechanical properties (Gosline et al. 1986) , it is used in biomedical application such as drug-delivery devices, tissue engineering scaffolds, vessels, and artificial tympanic membranes (Sofia et al. 2000; Arai et al. 2003 , Kim et al. 2004 , Kim et al. 2010 . Previously study have shown that SM facilitates new bone formation in artificial bone defects (Song et al. 2011; Lee et al. 2012) . Alkylresorcinols are natural non-isoprenoid lipids with antioxidant and antimutagenic properties that are found in various plants and microorganisms (Kozubek et al. 1999 ). The alkylresorcinol 4-hexylresorcinol (4-HR) is an antiparasitic and
